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ABSTRACT
Aims. We present optical photometry and spectroscopy of the Type II supernova ASASSN-14jb, together with VLT MUSE IFU
observations of its host galaxy and a nebular-phase spectrum.
Methods. This supernova, in the nearby galaxy ESO 467-G051 (z = 0.006), was discovered and followed-up by the All Sky Auto-
mated Survey for SuperNovae (ASAS-SN). We obtained well-sampled LCOGTN BVgri and Swi f t w2m1w1ubv optical and near-
UV/optical light curves and several optical spectra in the early photospheric phases. ASASSN-14jb exploded ∼ 2 kpc above the
star-forming disk of ESO 467-G051, an edge-on disk galaxy. The large projected distance from the disk and non-detection of any
H II region in a 1.4 kpc radius in projection are in conflict with the standard environment of core-collapse supernova progenitors and
suggests the possible scenario that the progenitor received a kick in a binary interaction.
Results. We present analysis of the optical light curves and spectra, from which we derive a distance of 25± 1 Mpc using state of the
art empirical methods for Type II SNe, physical properties of the SN explosion (56Ni mass, explosion energy, and ejected mass) and
properties of the progenitor, namely the progenitor radius, mass and metallicity. Our analysis yields a 56Ni mass of 0.0210 ± 0.0025
M, an explosion energy of ≈ 0.25 × 1051 ergs and an ejected mass of ≈ 6 M. We also constrain the progenitor radius to be
R∗ = 580± 28 R which seems to be consistent with the sub-Solar metallicity of 0.3± 0.1 Z derived from the supernova Fe II λ5018
line. The nebular spectrum constrains strongly the progenitor mass to be in the range 10-12 M. From Spitzer data archive we detect
ASASSN-14jb ≈ 330 days past explosion and we derive a total dust mass of 10−4 M from the 3.6 µm and 4.5 µm photometry. Using
the FUV, NUV, BVgri,Ks, 3.6 µm, and 4.5 µm total magnitudes for the host galaxy, we fit stellar population synthesis models which
gives an estimate of M∗ ≈ 1× 109 M , an age of 3.2 Gyr, and a SFR ≈ 0.07 M/yr. We also discuss the low oxygen abundance of the
host galaxy derived from the MUSE data, having an average of 12+ log (O/H) = 8.27+0.16−0.20 using the O3N2 diagnostic, with strong line
methods and compare it with the supernova spectra, which is also consistent with a sub-Solar metallicity progenitor. Following recent
observations of extraplanar H II regions in nearby edge-on galaxies, we derive the metallicity offset from the disk, being positive
(but consistent with zero at 2 σ), suggesting enrichment from disk outflows. We finally discuss the possible scenarios for the unusual
environment for ASASSN-14jb and conclude that either the in-situ star formation or runaway scenario would imply a low mass
progenitor, agreeing with our estimate from the supernova nebular spectrum. Regardless of the true origin of ASASSN-14jb we show
in this work that the detailed study of the environment can roughly agree with the stronger constrains of the transient observations.
Key words. supernovae: individual: ASASSN-14jb – supernovae: general
1. Introduction
Originally classified based on the absence (Type I) or presence
(Type II) of hydrogen lines in their optical spectra (Minkowski
1941), supernovae (SNe) represent the explosive ending of a star.
Decades of research have added a considerable degree of com-
plexity to the simple scheme of Minkowski. For more detail see
Filippenko (1997) or Turatto et al. (2007). The great diversity of
core-collapse supernovae (CCSNe) is understood as the result of
a rich variety of parent systems. Initial differences in mass, ra-
dius, metallicity or rotation, and evolutionary differences in mass
lost to stellar winds or interacting binary companions, would re-
sult in a wide distribution of envelope masses when the progeni-
tor stars reach the time of core collapse (e.g., Heger et al. 2003;
Kasen & Woosley 2009; Dessart et al. 2013; Pejcha & Prieto
2015). According to the chemical composition of the outer lay-
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ers at the time of explosion the spectroscopic display will be of
Type II, or Type IIb, Ib or Ic, with little or no presence of hydro-
gen. The latter are collectively called “stripped envelope SNe”.
Finally, according to the total mass of hydrogen in the envelope,
a bona fide Type II SN will show a slower or faster rate of de-
cline after maximum and will be named “plateau” (IIP) or “lin-
ear” (IIL, Barbon et al. 1979). The convention has stuck although
we know now that there is a continuous distribution of decline
rates (e.g., Anderson et al. 2014; Sanders et al. 2015; Pejcha &
Prieto 2015; Galbany et al. 2016a) and that Type IIP and IIL
have similar progenitors (Valenti et al. 2015). Extreme mass loss
shortly before explosion may lead to the formation of a dense
circumstellar medium (CSM). The interaction of SN ejecta with
the CSM would produce narrow emission lines of hydrogen and
the SN is named Type IIn in these cases (e.g., Dopita et al. 1984;
Schlegel 1990; Stathakis & Sadler 1991; Chugai 1994).
Progenitors of CCSNe have been identified in pre-explosion
images (Smartt et al. 2009; Smartt 2015), and found to be red su-
pergiants (RSG) with Zero Age Main Sequence (ZAMS) masses
between ∼ 8 and ∼ 17 M for Type II SNe or objects with masses
between ∼ 4 and ∼ 10 M at the time of explosion after a com-
plex interacting binary evolution for Type IIb and Ib SNe (Fo-
latelli et al. 2015; Eldridge et al. 2013; Folatelli et al. 2016).
As CCSNe progenitors are massive stars with relatively short
lifetimes of ∼ 4−50 Myr, it is expected that the SNe are still asso-
ciated with their birth places, namely spiral arms or H II regions
(Bartunov et al. 1994; McMillan & Ciardullo 1996), although
CCSNe in early-type galaxies with residual star formation have
been reported in the literature (Hakobyan et al. 2008).
The correlation between CCSNe and star forming regions
is expected to decrease toward the lower-mass progenitors and
get diluted by progenitors resulting from binary evolution which
can result in longer timescales before explosion (Zapartas et al.
2017; Eldridge et al. 2017). Recent work has found that stripped
envelope SNe are more closely associated with star forming re-
gions than hydrogen rich SNe, as expected from the increasing
progenitor mass of the sequence Ia → II → IIb/IIn → Ib/c
(e.g., Anderson et al. 2012; Galbany et al. 2014).
Observations of the SN host metallicity, either global (Prieto
et al. 2008; Arcavi et al. 2010) or local (Modjaz et al. 2008;
Anderson et al. 2010; Stoll et al. 2013; Galbany et al. 2014;
Kuncarayakti et al. 2018), and the spatial distribution of CC-
SNe (e.g., Van Dyk et al. 1999; Petrosian et al. 2005; Mikhailova
et al. 2007; Kangas et al. 2017), also provide constrains on the
different progenitors. Chemical abundance studies generally as-
sociate stripped envelope SNe with higher metallicity hosts as
expected from the probable increase of mass loss with metallic-
ity (e.g., Henry & Worthey 1999; Sánchez et al. 2014; Sánchez-
Menguiano et al. 2016). Studies of the radial distribution of SNe
find that Type Ib/c SNe are more centrally concentrated in their
hosts (Anderson & James 2009; Hakobyan et al. 2009), which
is again consistent with the higher metal enrichment towards the
center of galaxies. And studies of the height distribution of SNe
in edge-on disk galaxies (Hakobyan et al. 2017), find that CC-
SNe are nearly twice as much concentrated towards the disk than
thermonuclear SNe, a result consistent with the height scale of
the stellar populations where their progenitors are expected to
originate.
Some CCSNe, however, defy the common sense implicit in
the previous description by appearing far from any identifiable
birthplace. One striking example is SN 2009ip located ∼ 5 kpc
from NGC 7259, the nearest spiral galaxy (e.g., Fraser et al.
2013; Mauerhan et al. 2013; Pastorello et al. 2013; Prieto et al.
2013). SN 2009ip was first identified as a SNe impostor in 2009
three years before exploding as a Type IIn supernova (Smith et
al. 2014). Late time HST data rules out the presence of star form-
ing regions comparable to Carinae or the Orion Nebula (Smith et
al. 2016) at the explosion site. The possibility that the progenitor
was a runaway star is also rejected. The peculiar velocity of the
SN is smaller than 400 km/s and the high mass of the progenitor
implies a lifetime shorter than the travel time from the nearest
star forming site located at ∼ 1.5 kpc.
This paper introduces another example of this sort, the Type
IIP like supernova ASASSN-14jb in the edge-on disk galaxy
ESO 467-G051 (Brimacombe et al. 2014; Challis 2014; Zhang
& Wang 2014). The SN exploded at 2.5 kpc from the center and
2.1 kpc above the galactic disk where no significant star forming
region is detected. Also, it is interesting that ESO 467-G051 and
NGC 7259 (the host of SN 2009ip) form an interacting pair. The
SNe are separated by 2.4’ in the sky (∼ 18 kpc).
We present here photometric and spectroscopic observations
of ASASSN-14jb and Integral Field Spectroscopy (IFS) of its
explosion site. We perform a thorough analysis to estimate phys-
ical parameters of the SN, the progenitor star, and the parent
galaxy. The paper is organized as follows. In Section 2 we de-
scribe the photometric and spectroscopic observations. Section 3
contains our comparative analysis of the SN, including the pho-
tometric and spectroscopic evolution of the ASASSN-14jb. Sec-
tion 4 contains the estimates of basic physical parameters of the
SN, Section 5 includes the analysis of the host galaxy and its H II
regions. Finally, Section 6 includes our discussion and Section 7
our conclusions.
2. Data
2.1. Discovery and Explosion Time
ASASSN-14jb was discovered on UT 2014-10-19.09 (MJD =
2456949.09, Vdisc = 16.9 mag, Brimacombe et al. 2014) at
RA = 22:23:16.12, DEC = -28:58:30.78 (J2000.0) by the on-
going All Sky Automated Survey for SuperNovae (ASAS-SN;
Shappee et al. 2014; Holoien et al. 2017a) from the “Cassius"
4-telescope unit at the Cerro Tololo Inter-American Observa-
tory (CTIO), in Chile, hosted by the Las Cumbres Observatory
(LCOGTN; Brown et al. 2013). It was spectroscopically clas-
sified as a young Type II on UT 2014-10-20 (Challis 2014;
Zhang & Wang 2014). The last non-detection was reported to
be on MJD = 2456943.098 with a 3σ magnitude upper limit of
V > 18.5 mag, 6 days before the time of discovery. We take
the midpoint between this last non-detection and the discovery
time, t0 = 2456946.1 ± 3 (MJD), as the “explosion" time. The
uncertainty is estimated as half the interval between the last non-
detection and the discovery epoch.
2.2. Photometry
Optical photometric observations of ASASSN-14jb were ob-
tained with the ASAS-SN unit “Cassius" at CTIO in the V-band
and the LCOGTN 1-meter telescopes at CTIO, the Siding Spring
Observatory (SSO), the South African Astronomical Observa-
tory (SAAO), and the McDonald Observatory (MDO) in the BV
and the Sloan Digital Sky Survey (SDSS) gri filters. All the
ASAS-SN images are processed in an automated pipeline us-
ing the ISIS image subtraction package (Alard & Lupton 1998;
Alard 2000), with further details given in Shappee et al. (2014).
Using the IRAF1 apphot package, we performed aperture pho-
1 IRAF is distributed by the National Optical Astronomy Observatory,
which is operated by the Association of Universities for Research in
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Fig. 1. r-band image of the field of ASASSN-14jb from LCOGTN. The
circles show the position of ASASSN-14jb, the local photometric stan-
dards (numbered 1-10), and the nearby SN 2009ip in NGC 7259. The
zoom around the position of ASASSN-14jb and its host galaxy, ESO
467-G051, shows a synthetic r-band image obtained from the MUSE
datacube. The MUSE image field of view is of 1.5x1 arcmin.
tometry on the subtracted images and then calibrated the results
using the AAVSO Photometric All-Sky Survey (APASS; Hen-
den et al. 2012). The ASAS-SN photometry is presented in Ta-
ble 2.
The fully reduced LCOGTN 1m images (bias/overscan sub-
tracted and flat-fielded) were retrieved from the LCOGTN data
archive. We solved the astrometry of each CCD frame using
the astrometry.net software package (Lang et al. 2010). We ob-
tained calibrated BVgri magnitudes for local standard stars in
the field from the APASS catalog. In Figure 1 we display one
of the LCOGT images showing the position of the SN, the lo-
cal standards, and the nearby SN 2009ip. The data of the lo-
cal standard sequence is given in Table 1. ASASSN-14jb was
recorded with high signal-to-noise ratio (SNR) in the images of
LCOGTN. This, together with the negligible background from
the host galaxy at the SN site, prompted us to measure the SN
flux using aperture photometry. The procedure is explained in
detail in Appendix A.
As our observations extended only ∼ 80 days after explosion,
we searched the data in public domain for images of the field
which could have recorded ASASSN-14jb at later times. We
found some images in the ESO archive2. We retrieved ESO/NTT
EFOSC images in BV filters that contained ASASSN-14jb’s
explosion site at three different epochs during 2015, obtained
by the Public ESO Spectroscopic Survey of Transient Objects
(PESSTO; Smartt et al. 2015, ESO program ID 191.D-0935).
The CCD frames were overscan subtracted and flat-fielded with
calibration frames obtained the same day using standard IRAF
routines. Since the SN is fainter in these late-time images, we
measured the SN brightness using PSF fitting photometry as im-
Astronomy (AURA) under a cooperative agreement with the National
Science Foundation.
2 http://archive.eso.org/eso/eso_archive_main.html
plemented in IRAF DAOPHOT package. We calibrated the mag-
nitudes using local standards from Pastorello et al. (2013). The
early LCOGTN and late ESO/NTT photometry are presented in
Table 3.
We supplemented our ground-based optical photometry with
data from the Swift and Spitzer space-born observatories. Re-
peated optical and near-UV observations of ASASSN-14jb were
obtained by Swift/UVOT in the passbands w2,m1 w1,u,b,v during
the first ∼ 30 days after explosion. We retrieved them from the
Swift Optical/Ultraviolet Supernova Archive (SOUSA; Brown et
al. 2014). Also, the field of ASASSN-14jb and its host have been
observed nine times since 2010 in the 3.6 µm and 4.5 µm bands
by the Spitzer IRAC instrument (Fazio et al. 2004). The observa-
tions obtained on 2015-09-13 (program ID 11053) and 2016-08-
17 (program ID 12099) were taken when the SN was ∼ 330 and
∼ 670 days past explosion, respectively. We retrieved these im-
ages from the data archive3 and also images taken on 2014-09-05
(program ID 10139) to use as templates for image subtraction.
We used HOTPANTS (Becker 2015) for difference imaging and
measured aperture photometry on the difference images. The SN
is detected on 2015-09-13 and undetected on 2016-08-17.
Our near-UV and optical photometry is displayed in Fig-
ures 2 and 3. The first shows the near-UV and optical light curves
for the first ∼ 80 days after explosion, and the second the com-
plete light curves in B and V bands. The Spitzer mid-infrared
photometry is discussed in § 4.5.
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Fig. 2. ASAS-SN V , LCOGTN BVgri, and Swift-UVOT w2, m1, w1,
ubv, light curves of ASASSN-14jb. Each band has been shifted to the
value showed in the label for presentation purposes. The observed time
is given in days since the estimated explosion epoch t0 = 56946.1
(MJD) in the bottom x-axis and in MJD in the top axis. The black
squares are the non-detection derived from the ASAS-SN V-band im-
ages.
2.3. Spectroscopy
A total of ten single-slit, low-resolution optical spectra of
ASASSN-14jb were obtained with the FAST spectrograph (Fab-
ricant et al. 1998) mounted on the Fred L. Whipple Observa-
tory Tillinghast 1.5-m telescope (3500 − 7400 Å, R ∼ 1700)
3 http://sha.ipac.caltech.edu/applications/Spitzer/
SHA/
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Fig. 3. Same as Figure 2 for the EFOSC B and V late time photometry. The 56Co→56 Fe decay slope is also showed.
and with the Inamori-Magellan Areal Camera and Spectrograph
(IMACS; Dressler et al. 2011) mounted on the Magellan Baade
6.5m telescope at Las Campanas Observatory (3800 − 9800 Å,
R ∼ 1000). The CCD images were reduced and the 1D spec-
tra were extracted and calibrated using standard routines in the
IRAF packages ccdproc and onedspec, respectively. The epochs
of the ten spectra obtained in the photospheric phase are pre-
sented in Table 4. A montage of the spectra obtained in the pho-
tospheric phase is shown in Figure 4.
We also observed the field of ASASSN-14jb as part of the
All-weather MUse Supernova Integral field Nearby Galaxies
(AMUSING; Galbany et al. 2016b) with the Multi Unit Spec-
troscopic Explorer (MUSE, Bacon et al. 2010) on ESO’s Very
Large Telescope UT4 (Yepun). MUSE is a state-of-the-art in-
tegral field spectrograph with a field of view of 1 arcmin2 and
0′′.2 spaxels. It covers the spectral range 4800 − 9300 Å with
a resolving power R ' 1800 − 3000. Our MUSE data were
obtained on 2015-11-14 and consisted of two different point-
ings of four dithered exposures each with an integration time
of 698 sec. The sky conditions were clear, and we measure a
full-with-half-maximum for the stellar point-spread function of
1′′.08 at 6600 Å. We reduced the MUSE spectroscopy with ver-
sion 1.2.1 of the EO(fpipeline (Weilbacher et al. 2014), but also
checked and corrected the astrometric zeropoint using LCOGTN
images (for further detail on MUSE data reduction see Prieto et
al. 2016).
Although the MUSE observations were obtained ∼ 394 days
after explosion (see Table 4) when ASASSN-14jb was faint, the
quality and depth of the exposures allow us to easily detect the
SN and extract a nebular phase spectrum. We used a circular
aperture with a radius of 1′′.4 to extract the spectrum at the posi-
tion of the SN with QFitsView4. To take care of any offset in the
flux scale we estimated the V magnitude of the SN at the time
of the spectrum from the late time light curve (V = 21.51) and
compared it with the synthetic V-band magnitude obtained from
4 http://www.mpe.mpg.de/~ott/dpuser/qfitsview.html
the nebular spectrum (V = 21.86). We then applied an offset of
0.35 mag (factor of 1.38 in flux) to obtain an approximate abso-
lute flux calibration. The nebular spectrum of ASASSN-14jb is
displayed in Figure 11.
3. Comparative Analysis
To put ASASSN-14jb in context we assembled a comparison
sample representative of the wide range of properties of Type II
SNe. These include the luminous Type IIP SN 2007pk (Inserra
et al. 2013), normal Type IIP like SN 1999em (e.g., Hamuy et al.
2001), and the subluminous Type II SN 2005cs (e.g., Pastorello
et al. 2009). We chose objects with data in the public domain,
good coverage of the photospheric phase, ideally including gri
photometry (8 SNe), and optical nebular spectra at ∼ 400 days
after explosion (6 SNe). Further details of the comparison set are
given in Table 6.
Estimates of the distance and total foreground reddening are
needed in order to compare ASASSN-14jb with the rest. We use
a distance modulus of µ = 32.0 mag, to be justified below.
We estimate extinction by dust in the Galaxy using the maps
of Schlafly & Finkbeiner (2011). Taking the average in a circle
with 5 arcminutes of diameter centered on the SN position we
obtain E(B−V) = 0.0154±0.001 mag. Extinction by foreground
dust in the host galaxy is expected to be low, as the SN exploded
at a significant distance from the host galaxy disk. Consistent
with this, the narrow Na I D doublet at the host galaxy redshift
are not detected in our spectra, which is a clear sign of low red-
dening (Phillips et al. 2013). In addition, the MUSE data to be
discussed below shows no significant star forming region near
the explosion site. We conclude, hence, that ASASSN-14jb is
affected only by Galactic extinction. Assuming a standard red-
dening law with a ratio of total to selective absorption RV = 3.1,
we estimate AV = 0.05 mag.
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Fig. 4. The full spectroscopic time series, in logarithmic scale and corrected by redshift (z = 0.006031), for ASASSN-14jb in the photospheric
phase (up to 80 days past explosion). The time next to each spectrum, in days, is measured since the estimated time of explosion t0 = 56946.1 ± 3
(MJD). The vertical lines show the wavelengths of the some of the main features in the spectra of type II SNe. Lines with the
⊕
symbol represent
the position of strong telluric absorptions.
3.1. Photometric Evolution
Figure 5 shows the absolute V-band light curve of ASASSN-
14jb together with those of the comparison set. The peak at
MV,max = −16.04±0.18 mag is within the usual range of Type IIP
SNe, although lower than the average MV,max = −16.71 ±
1.01 mag in the sample of Type II SNe of Anderson et al. 2014,
(from now onward A14). ASASSN-14jb is dimmer than the clas-
sic, well-studied Type II-SN 1999em by 0.80 ± 0.18 mag, but
it shows a similar behavior in its V-band plateau, including the
early double peak (Hamuy et al. 2001; Leonard et al. 2002). Up
to ∼ 80 days since explosion the photometry shows the behavior
typical of Type IIP like SNe.
The measured slope of the plateau (35− 70 days after explo-
sion) in the V-band for ASASSN-14jb is s2,V = −0.15±0.02 mag
per 100 days, lower than the average V-band plateau slope in the
A14 sample (1.27 ± 0.93 mag per 100 days). The slow increase
in brightness of the plateau is consistent with the correlation be-
tween plateau slope and absolute V-band magnitude found by
A14 and later work (e.g., Valenti et al. 2016). It is also an effect
seen in bolometric light curves of CCSNe models resulting from
the explosion of low mass progenitors (Sukhbold et al. 2016).
In Figures 6 and 7 we present the extinction corrected color
evolution of ASASSN-14jb and the comparison set. The (B−V)0
color of ASASSN-14jb is bluer than average at 50 days after
explosion, being comparable only to LSQ 13fn (Polshaw et al.
2016) and SN 2007pk (Inserra et al. 2013) at 80 days after ex-
plosion. The change in color from the onset of the plateau up to
80 days is ∆(B−V) = 0.20±0.04 mag, low when compared with
the comparison sample. The color evolution of ASASSN-14jb in
(g − r)0, (g − i)0 and (r − i)0 also indicates a comparatively bluer
continuum, except in the (V − i)0 color. This behavior may be
due to a true difference in the temperature evolution or it may
be an effect of lower line-blanketing in the blue part of the spec-
trum, resulting from low-metallicity of the progenitor. The sim-
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Fig. 5. Absolute V-band magnitude evolution for ASASSN-14jb (black
filled stars) and the comparison sample of Type II SNe as a function of
days after their estimated time of explosion. See Table 6 for references
of each SNe, including distance and reddening adopted.
ilarity in the color evolution of ASASSN-14jb and LSQ 13fn, a
Type II SN that probably comes from a low-metallicity progen-
itor (Polshaw et al. 2016), might suggest that a similar physical
mechanism is at play.
3.2. Spectroscopic Evolution in the Plateau phase
As shown in Figure 4, the spectral evolution of ASASSN-14jb
resembles the evolution of other hydrogen-rich Type II SNe.
At very early times the ejecta are optically thick and the spec-
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Fig. 6. Extinction corrected B−V colors for ASASSN-14jb (black filled
stars) and the comparison sample of Type II SNe. Reddening values
used are in Table 6.
tra show a hot blue continuum with relatively weak, but broad,
Balmer lines without P-Cygni absorption troughs. In the first
spectrum at ∼ 4 days after explosion, we detect broad Balmer
lines in emission and the high ionization He II λ4686 line. The
FWHM of the Balmer lines and the He II lines in this earli-
est spectrum are ∼ 11000 − 13000 km/s and ∼ 8000 km/s, re-
spectively, and all the emission peaks are clearly blueshifted by
∼ 2000 − 4000 km/s. The strength of the He II line decreases
substantially in the spectrum obtained a day later, at 5 days after
explosion, and the Balmer lines start to develop P-Cygni pro-
files. We also detect the He I λ5875 line in the early spectra. At
6 days after explosion, the He II line has weakened further and it
is undetected in the spectrum obtained at 7 days after explosion.
At phases later than & 30 days, the ejecta cools and the hy-
drogen lines develop strong P-Cygni profiles. The blueshift of
the peak of the Balmer lines decreases to ∼ 1000 km/s. This is a
common feature in Type II SNe during the photospheric epochs
and it has been attributed to the shallow density profile of the
ejecta compared to a typical stellar wind (Dessart & Hillier 2005;
Anderson et al. 2014). Lines from transitions in metals such as
Fe II, Sc II, and Ti II also start to appear and significantly con-
tribute to line blanketing. The Na I D doublet at λλ5890, 5896
appears now in the wavelength range where He I λ5875 was
detected at early times. Comparison of the photospheric phase
spectra of ASASSN-14jb with those of the comparison sample
at ∼ 60 days past explosion (see Figure 8) shows that the ab-
sorption features of the former in the range 5300 − 6300 Å are
relatively weak.
In Figure 9 we present the time evolution of the Hα, Hβ and
Fe II λ5169 lines. The last two spectra we obtained in the plateau
phase, at 64 and 80 days after explosion, show clear absorption
features on the blue side of both the Hα and Hβ main absorption
troughs. These high velocity (HV) features are at ∼ 7000 km/s,
while the main absorption features are at ∼ 4000 km/s. The HV
absorption lines cannot be explained by Si II λ6355 or Ba II
absorption features and have been observed in 59% of the Type II
SNe studied by Gutiérrez et al. (2017).
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Fig. 7. Extinction corrected V−i, g−i, r−i and g−r colors for ASASSN-
14jb (black filled stars) and the Type II SNe comparison sample. Red-
dening values used are in Table 6.
3.3. Expansion velocities
The ejecta of the Type II SNe achieve near homologous expan-
sion after a few days (Bersten et al. 2011) and at early times the
hydrogen atmosphere is opaque and the line forming region is
in the outer layers at high velocities. As the temperature drops,
the opacity decreases and the photosphere recedes in mass (La-
grangian) coordinate, and appears at lower velocities. The pho-
tosphere is tightly bound to the opacity drop caused by hydrogen
recombination (Bersten et al. 2011). In practice one estimates the
photospheric velocity by measuring the blueshift of maximum
absorption of an specific P-Cygni profile. This can over or under
estimate the true photospheric velocity (Dessart & Hillier 2005,
2010; Takáts & Vinkó 2012). Other methods used are the cross-
correlation with library spectra, the comparison with detailed
NLTE codes like CMFGEN or PHOENIX (Dessart & Hillier
2005; Baron et al. 2005) or comparison with more simplified,
parametrized LTE spectral modeling (e.g., SYNOW, Takáts &
Vinkó 2012).
The expansion velocity measured from optical spectra is an
important physical parameter directly related to the explosion
energy and the plateau luminosity. These are also fundamen-
tal for distance measurements (Hamuy & Pinto 2002). Strong
Balmer lines and Fe II lines velocities were measured in our
spectra. The spectra were first normalized to a global contin-
uum fitting a black body or a local power law. Then, when pos-
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sible, low degree polynomials were fitted to the P-Cygni profile
absorptions and the minimum was taken as a proxy for the ex-
pansion velocity. We did not apply corrections by reddening or
peculiar velocities. Details of the P-cygni profile fitting are in
Appendix B. In Figure 10 we show the expansion velocities of
ASASSN-14jb together with those of the comparison set. For
LSQ 13fn we only present the velocities after 30 days due to the
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Fig. 10. Expansion velocities of the Hβ (top), Fe II λ5169 (middle), and
Hα (bottom) lines as a function of time after explosion in the plateau
phase, measured from the P-cygni profile minima of the Balmer lines
Hα,Hβ and the Fe II λ5169 line for ASASSN-14jb (black filled stars)
and the Type II SNe comparison sample.
low signal to noise of the spectra. The velocities of SN 2013ab
are directly taken from Bose et al. (2015). The measured veloc-
ities are also collected in Table 5 together with the average ve-
locity of our comparison set and those of Gutiérrez et al. (2017).
To compare with well known correlations (Hamuy 2003;
Faran et al. 2014), we interpolated the velocities of our sam-
ple at 50 days after explosion using a Monte-Carlo approach.
For each SN we generated a re-sampling of each velocity us-
ing the measured errors and following a non-linear least squares
procedure, using the curve fit function from the NumPy library,
we fit a power law model each time. For this procedure we select
only velocities after 20 days, as early velocities do not follow the
same decay rate as in the plateau. We then take the average and
standard deviation of the re-samplings as the 50 days velocity
and error, respectively. For all the lines measured the velocities
for ASASSN-14jb are slightly under average. The Fe II λ5169
velocity interpolated at 50 days is measured to be 2774±69 km/s,
compared to the average of 3442 ± 977 km/s of our comparison
sample. Our sample average velocity is in agreement with the
value obtained with a larger sample in Gutiérrez et al. (2017), of
3537 ± 851 km/s at 53 days after explosion. The photospheric
velocities inferred are in agreement with the velocity-luminosity
correlations (see Section 3.2 below).
As is common in Type II SNe distance measurements
(Hamuy & Pinto 2002; de Jaeger et al. 2017), we fitted a power
law to interpolate the velocities. The Fe II λ5169 logarithmic de-
cay presents an average of −0.55±0.16 in our sample, compared
to the value obtained for ASASSN-14jb, of −0.62±1.80. We ob-
serve a strong anti-correlation between the velocity decay slope
and the V-band absolute magnitude at 50 days. This is expected
as there is an internal correlation between both parameters of the
power law (de Jaeger et al. 2017) and the velocity scale corre-
lates with the luminosity (Hamuy & Pinto 2002).
In conclusion, ASASSN-14jb presents expansion velocities
consistent, both from the scale and velocity decay, with below
average luminosity Type II SNe.
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3.4. Nebular Spectrum
The nebular spectrum of ASASSN-14jb is shown in Figure 11
together with a sample of Type II SNe. It shows the typical emis-
sion lines of Type IIP like SNe at nebular phases: Hα, [Ca II]
λλ7291, 7324, [O I] λλ6300, 6364, Ca II λλλ8498, 8542, 8662,
[Fe II] λλ7155, 7172, with a boxy profile, Na I λλ5890, 5896
and [O I] λ5577, in order of observed intensity (Silverman et al.
2017). Also, a strong [C I] λ8727 line is present, which has been
detected in other Type IIP like SNe such as SN 2004dj (Silver-
man et al. 2017). A weak He I line at λ7065 is observed, but with
no He I counterpart at λ6678. The clear separation observed in
different multiplets like [OI], [CaII] and Ca II + [CI] is a sign of
a low explosion energy for ASASSN-14jb.
The blueshift with respect to rest-frame of ∼ 200 km/s ob-
served in the peaks of the strongest lines is particularly inter-
esting. It cannot be caused by the same physical effect as in the
plateau because in this optically-thin phase the outer density pro-
file is less relevant to the emission (Anderson et al. 2014). Other
hypotheses to explain this blueshift may be: 1) a shift in velocity
relative to the host due to dynamical effects or an intrinsically
high-velocity of the progenitor star; 2) dust production; 3) Some
lines are still optically thick at 400 days past explosion; or 4)
an asymmetry in the explosion itself. Notable is the double peak
observed in Hα which is not observed in other lines, although
this is also seen in the nebular spectra of other Type IIP like SNe
(Elmhamdi et al. 2003; Chugai et al. 2005; Utrobin & Chugai
2009).
4. Distance and Physical parameters of
ASSASN-14jb
Progenitors of Type IIP like SNe have been constrained by pre-
explosion images to be RSGs with ZAMS masses of ≈ 8 − 17
M (Smartt et al. 2009; Smartt 2015). The discrepancy between
these initial mass constraints and the predictions from evolution-
ary codes (Heger et al. 2003; Ekström et al. 2012) has been called
the “RSG problem". The data set we have compiled allow us
to constrain the basic physical parameters of the progenitor of
ASSASN-14jb, compare them with the expected values for SN
Type IIP like progenitors, and contribute to this discussion. But
doing so requires a good estimate of the distance to the SN.
4.1. Distance
We measure the distance towards ASSASN-14jb using some of
the most recent empirical methods: The Photospheric Magnitude
Method (Rodríguez et al. 2014), the Standard Candle Method
(Hamuy & Pinto 2002), and the Photometric Color Method, (de
Jaeger et al. 2017). Further details of our hypothesis and calcu-
lations are given in Appendix C.
The three different estimates of distance are shown in Figure
12. They are consistent with each other within each method’s in-
trinsic dispersion. They are also consistent with the distance ob-
tained from the Virgo-inflow corrected recession velocity of the
host galaxy and the Hubble law, assuming H0 = 68 km/s/Mpc.
Given this, we simply take as the final distance the weighted
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average, considering the statistical errors only, of µ = 32.00 ±
0.18 mag (D = 25.1 Mpc).
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Fig. 12. Distance modulus estimates for ASASSN-14jb using the PMM,
SCM and PCM methods (green dots). The black horizontal line is the
distance modulus from the host galaxy redshift and a Hubble law with
H0 = 68 km/s/Mpc, and the grey area shows a dispersion of 200 km/s
as a reference error for the CMB frame redshift. The thick green line
is the average from the Tully-Fisher measurements obtained from the
NED database and the green area represent the standard deviation of
the measurements, all normalized to H0 = 68 km/s/Mpc. The thick blue
line is the adopted distance modulus in this work, µ = 32.00 ± 0.18,
obtained as the weighted average of the PMM, SCM and PCM methods
and the standard deviation is showed as a blue fill. We also show as a
reference the distance measured to SN 2009ip in NGC 7259 (Potashov
et al. 2013).
4.2. Temperature Evolution and the Progenitor Radius
The early emission, a few days after explosion, for a Type II
SN comes from the adiabatic cooling of the outer envelope and
depends mainly on the pre-supernova radius (Rabinak & Wax-
man 2011; Sapir & Waxman 2017). Observationally, the pre-
supernova radius has been constrained from early UV and op-
tical photometry, using semi-analytic models (Rabinak & Wax-
man 2011; Nakar & Sari 2010), on individual Type II SNe
(Gezari et al. 2010; Valenti et al. 2014; Bose et al. 2015; Huang
et al. 2016, 2018; Tartaglia et al. 2018), and on larger samples
to make statistic studies (González-Gaitán et al. 2015; Gall et al.
2015; Rubin et al. 2016).
We build the spectral energy distribution (SED) for
ASASSN-14jb at early times, from ∼4 to 26 days after explo-
sion to derive an estimate of the progenitor radius. Using the
Swift/UVOT near-UV and optical photometry, we build the SED
of ASASSN-14jb at each epoch, after correcting for extinction
assuming an standard Galactic extinction law with total to se-
lective extinction ratio RV = 3.1 (Cardelli et al. 1989). We fit a
blackbody function to the SED and obtain the photospheric tem-
perature and radius evolution, assuming the distance to the host
galaxy obtained in Section 3.2.
The results are presented in Figure 13. The observed pho-
tospheric temperatures are in the range 5-21×103 K and the
radii are in the range 2-18×103 R. We observe a change in
the evolution ∼ 10 days after explosion. The observed tem-
perature logarithmic decay increases from −0.726 ± 0.055 to
−0.850±0.019 and the photospheric radius growth rate increases
from 0.890 ± 0.012 to 1.45 ± 0.06.
Rabinak & Waxman 2011, hereafter RW11, developed ana-
lytic expressions for the early evolution of the photospheric ra-
dius Rph and temperature Tph, expected to be valid before hy-
drogen recombination is significant. The expressions depend on
progenitor properties at the time of explosion such as radius R∗,
opacity κ, and density profile. They also depend on the explosion
energy E and ejecta mass Me j.
Rph
[cm]
= 3.3 f −0.062ρ E
0.41
51 M
−0.31
e j κ
0.093
0.34 t
0.81
5 × 1014 (1)
Tph
[eV]
= 1.6 f −0.037ρ E
0.0027
51 M
−0.054
e j R
1/4
∗,13κ
−0.28
0.34 t
−0.45
5 (2)
where 0.079 < fρ < 0.13 for RSGs, depends on the progenitor
density profile, Me j is the ejected mass in solar masses, E51 is
the explosion energy in units of 1051 erg, κ34 is the opacity nor-
malized by 0.34, R∗,13 is the progenitor radius in units of 1013 cm
and t5 is the time since shock breakout in units of 105 seconds.
It is well known that the emission from Type II SNe dif-
fers from a pure black body (Eastman et al. 1996; Dessart &
Hillier 2005). When the atmosphere is highly ionized, the elec-
tron scattering opacity dominates and the photon thermalization
layer differs from the photosphere, the former being underneath
at higher temperatures. Because of this the observed tempera-
ture (or color temperature Tc, as it is usually called) can differ
significantly from the photospheric temperature Tph. This effect,
together with the increasing line blanketing and departures from
the plane parallel atmosphere approximation, can make the ob-
served SED significantly different from a black body. This effect
can be corrected using a theoretically estimated dilution factor
ζ, so that the emergent flux is defined as,
Fλ = θ2 piBλ(Tc) = ζ2λ
(
Rph
dL
)2
piBλ(Tc) (3)
where dL is the luminosity distance and Bλ(Tc) is the Planck
function (Eastman et al. 1996; Dessart & Hillier 2005). The di-
lution factor is in general wavelength dependent and directly
affects the angular diameter distance estimate to a supernova.
However, as we take the luminosity distance from empirical
methods independent of 3, the dilution factor only affects the
photospheric radius estimation and not the temperature. Note,
however, that in the RW11 scheme ζ := 1/ f 2T ≈ 0.694, which
translates in a factor of 1/ζ ≈ 1.44 increase in the photospheric
radius (see equation 38 in RW11). In our case we choose a rep-
resentative value of ζλ = 0.5 for this high temperature regime, as
obtained in Dessart & Hillier (2005); Pejcha & Prieto (2015).
To test the effect of the deviations from a black body, we used
a semi-empirical approach. We first selected the 15 M progen-
itor mass supernova explosion model from Dessart et al. (2013)
that best fits the observed near-UV colors (named m15z8m8).
Then, at each epoch we fit the SED using,
Fdataλ = θ
2 (piBλ(Tc))w ×
 Fmodelλ
max(Fmodelλ )
(1−w) (4)
a model built from the weighted geometric mean of a black body
and the normalized explosion model. The normalization ensures
that the model’s intrinsic brightness does not affect the fitted
parameters. In principle, the weighting parameter w is uncon-
strained but to ensure a smooth correction we fixed its value to
be between 0.6 − 0.9 and selected the model with the minimum
Article number, page 9 of 24
A&A proofs: manuscript no. mezaetal
residuals. Figure 13 show our results for both approaches. We
see that both temperature and radius evolution become smoother
when including the models, probably because the hybrid ap-
proach accounts better for line blanketing. Since the available
models start from ≈ 10 days past explosion, all the SEDs before
that time were fitted with a single black body. The derived slope
in the temperature changes to −0.703 ± 0.017 after 10 days. The
photospheric radius follows roughly a linear expansion with a
logarithmic slope of 1.167 ± 0.068 during the same epochs.
Now we apply the RW11 models using the modified black
body. We fitted the temperature evolution assuming the fiducial
values of E51 = 1, κ34 = 1, fρ = 0.1, and use only temperatures
greater than ∼ 1 eV because RW11 inform that their models are
more reliable in this range. The radius we obtain is 985± 49 R.
Noting the impact of the time since explosion in the result, we
varied the shock-breakout (SBO) epoch and look for the one that
minimizes the χ2 of the fit. We then obtain R = 580 ± 28 R,
for a SBO occurring 1.75 days earlier than our initial estimate
(reduced χ2 = 3.62).
Inverting Equation 2 is another form of understanding possi-
ble variations of R∗:
R∗ ≈ 1.52 × f 0.148ρ
[
Tcol(t)
( fT /1.2)
]4
t1.85 × 1012[cm]. (5)
where fT = Tcol/Tph is the ratio of the color temperature and true
photospheric temperature. Following RW11 we take fT = 1.2 as
a good approximation at early times 5.
The values obtained using Equation 5 with early time obser-
vations are consistent with R∗ ≈ 400 − 1000 R. As expected,
the radius decreases as the actual decay of the photospheric tem-
peratures is faster than the model, and the fT varies due to the
changing opacity of the ejecta.
We choose as our best estimate of the progenitor radius, the
RW11 fit with an SBO offset of −1.75 days, which gives an es-
timate of R∗ = 580 ± 28 R. This value is consistent with the
color evolution of the mildly sub-solar (Z = 0.4 Z) and compact
(R∗ = 611 R) RSG progenitor (m15z8m3) used in Dessart et al.
(2013). As the photospheric radius growth strongly depends on
the explosion energy to ejecta mass ratio (equation 1) we can
estimate the ejecta mass as a function of the explosion energy.
Fixing κ34 = 1, fρ = 0.1 as before we obtain Me j ≈ 36.0 × E1.32exp .
4.3. Bolometric Light Curve and the 56Ni Mass
We constructed a bolometric light curve of ASASSN-14jb, by
applying the semi-analytic bolometric corrections from Pejcha &
Prieto (2015) for the extinction corrected B−V colors. Figure 14
shows the result, together with the bolometric light curves of
the comparison sample. The bolometric luminosity of ASSASN-
14jb ∼ 50 days after explosion is log (L/L) = 8.4 ± 0.18,
which is under-luminous compared to SN 1999em, SN 2012aw
or SN 2013ab.
The late-time bolometric light curve can be used to estimate
the 56Ni and total masses ejected in the explosion. We assume a
model of partial trapping of gamma rays (Clocchiatti & Wheeler
1997), where the energy released by Cobalt decay is scaled by
the transparency factor I(t) = (1 − exp (−(T0/t)2)), and the char-
acteristic time is given by T0 = C(η, κγ)ME−0.5. We assumed
5 We note that this equation is a corrected version of Equation 33 in
RW11. The original one is R∗ = 0.7× f 0.1ρ
[
Tcol/( fT /1.2)
]4 t1.95 ×1012[cm],
which is inconsistent with Equation 13 of the same paper (our Equa-
tion 1).
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Fig. 13. Black-body temperature (blue dots) and radius evolution (red
dots) as inferred from the SED of Swi f t data. The SED was corrected
by a reddening value of E(B − V) = 0.0154 ± 0.001 mag. The hori-
zontal line indicates the 1 eV level, where recombination is expected to
become relevant afterwards. The vertical black solid line indicates the
assumed explosion epoch at MJD 56946.1 ± 3 and the vertical dashed
lines is at the assumed offset (∆t0 = −1.75) in the explosion epoch, for
the optimal cooling model from RW11. The red dashed lines shows a
power-law fit to the photospheric radii (only using the data points with
1 − 1.2 × Tph < 1eV) while the blues dashed lines shows the same for
the Temperatures plus a line with a factor of 1.2 (i.e., the lines shows a
fit to 1− 1.2× Tph). The black curved dashed lines are the fits assuming
the RW11 for Tph and Rph.
a fixed density slope η = 10 and constant gamma-ray opacity
κγ = 0.06 (which involves assuming an electron fraction per nu-
cleon of Ye = 0.03). The late-time light curve and fitted model
are plotted in Figure 15. The best fit provides T0 = 319±33 days,
which would correspond to an ejecta mass of 12 ± 1M for
an explosion energy of 1051 erg (1 foe). The 56Ni mass results
0.0210 ± 0.0025 M, which is slightly lower than the median of
0.031 M corresponding to the Type II SNe sample studied by
Müller et al. (2017).
Late-time light curves that decay faster than Cobalt are ex-
pected in SNe with low mass ejecta, as in the case of stripped
enveloped SNe and some fast declining Type II SNe (e.g.,
SN 2014G, SN 2013hj and ASASSN-15nx, Bose et al. 2016;
Terreran et al. 2016; Bose et al. 2018). Given the low energet-
ics shown in, for example, the expansion velocities, the ejected
mass estimated above is consistent with the low mass range of
Type IIP SNe progenitors.
The ejected mass estimated with the late-time light curve can
be compared with that obtained in the previous section using
the early light curve. The scaling in this case is Me j ≈ 12.0 ×
E0.5exp M which implies an “agreement" pair (Me j, Eexp) at (6
M,0.25 foe).
Anderson et al. 2014 discusses the observations of higher
deviation from the expected full trapping decay for the brightest
Type II SNe in their sample (in the V-band) and they suggest
that this would be explained by the expected more diluted (i.e.,
less massive ejecta or more extended) hydrogen associated
with faster declining SNe. In our case, the ejecta mass is
slightly below what would be needed for a relatively low energy
explosion of ≈ 0.25 foe to have a high gamma ray opacity
(τγ = (T0/t)2 ≥ 1) at ≈ 400 days.
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We can also estimate the ejected 56Ni mass using its corre-
lation with the FWHM of Hα (Maguire et al. 2012). A value of
FWHM ' 35 Å gives us a 56Ni mass of 0.0118±0.0012 M. This
is lower than, but consistent with, the estimate obtained from the
late-time bolometric light curve.
The low nickel mass log (M56Ni) ≈ −1.5 agrees with the ex-
plosion parameters according to the classic explosion models for
Type II SNe (Popov 1993; Litvinova & Nadezhin 1985) and ob-
served correlations (Hamuy 2003).
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Fig. 14. Comparison of bolometric light curves using the bolometric
corrections of Pejcha & Prieto (2015). Each SN was corrected for ex-
tinction. See Table 6 for references of the comparison sample.
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Fig. 15. Bolometric light curves in the radioactive tail derived from the
B and V-band photometry from EFOSC imaging, using the bolometric
corrections of Pejcha & Prieto (2015) (PP15, blue dots) and Bersten
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bolometric corrections. The time scale for this fit is T0 = 319±33 days,
which corresponds to a ejecta mass of 12 M for an explosion energy
of 1 foe.
4.4. Nebular Spectra and the Progenitor Mass
In the nebular phase, spectra of Type IIP like SNe show promi-
nent Hα, O I, Ca II and Fe II emission lines. The [O I]
λλ6300, 6364 is used to estimate the Oxygen core mass and
therefore the main sequence mass of the progenitor star (e.g.,
Uomoto 1986; Fransson & Chevalier 1989; Elmhamdi et al.
2003; Jerkstrand et al. 2012; Kuncarayakti et al. 2015). We com-
pare our spectra with models from Dessart et al. (2013), Jerk-
strand et al. (2014) and Jerkstrand et al. (2018). (Dessart et al.
2013, hereafter D13), in particular, presented radiative transfer
models for Type II SNe using a grid of 15 M stellar models from
MESA STAR, with varying mixing length, metallicity, and rota-
tion. We choose the nebular spectra in their “m15" model, which
reach up to 400 days past explosion (see Table 1 in D13 for de-
tails). (Jerkstrand et al. 2014, hereafter J14), calculated models
for 12, 15, 19 and 25 M stars evolved using the KEPLER code,
assuming Solar metallicity and no rotation. We also included the
recent model of 9 M from (Jerkstrand et al. 2018, hereby J18).
In Figure 16 and 17 we compare the data and the models for
the [O I] λλ6300, 6364 and Hα lines. In the case of D13 models
m15z2m2 and m15z8m3 provide the best fit. They correspond to
a progenitor metallicities of Z = 0.02 and 0.008, oxygen mass of
MO = 0.325 and 0.507 M, and nickel masses of M(56Ni) = 0.05
and 0.081 M, respectively (for details see Table 1 in D13). In
the case of the J14 and J18 models the 9 M and 12 M are
closest to the data, although all the models over-predict the Hα
emission line. A problem with this direct comparison is that the
explosion models presented in D13, J14 and J18 produce higher
56Ni masses than measured for ASASSN-14jb. If the spectra are
normalized by the Hα emission to approximately take care of
this difference, the J14 models of 15 M  and 9 M become
closest to the data. On the other hand, the D13 models reveal a
high degeneracy given their differences in stellar evolution.
Other approach we can use to alleviate the impact in the
spectra of the 56Ni mass discrepancy between ASASSN-14jb
and the models, is to normalize the flux in a given line by the
56Ni decay power. Doing this for the [O I] λλ6300, 6364 line,
we obtain a ratio of ≈ 0.04. This leads to a surprising better con-
sistency with the higher mass range of J14 models (15−19 M),
but again to a better fit of the 9 M. According to Jerkstrand et
al. (2018) this results both from the oxygen shell in the 9 M 
model lying closer to the 56Ni and a significant contribution of
Fe I to the [O I] λλ6300, 6364 doublet.
As a final estimate we calculate an upper limit to the emitting
oxygen mass using the analytic formula provided by J14,
max(MO I) =
L[O I]/β[O I]
9.7 × 1041 × exp
(
22720
T
)
, (6)
where L[O I] is the luminosity of the [O I]λλ6300, 6364 dou-
blet in erg/s, β[O I] is its Sobolev escape probability, and T
the equilibrium temperature in K. A temperature in the range
3900–4300 K was estimated from the ratio between the lines
[O I] λλ6300, 6364 and [O I] λ55776. The resulting values of
max(MO I) fall in the range 0.09–0.18 M, which is 20 − 40%
above that of the 9 M model of J18 and 1.5–3 times lower than
that of the 14 M model of J14.
We conclude that the nebular spectra confidently points at a
low mass progenitor for CCSNe standards, in the range ∼ 10 −
12 M. This is supported by surveys of theoretical explosions
spanning a wide grid of progenitor properties (e.g., Sukhbold
6 Assuming β6300,6364
β5577
= 0.5 − 1 as in J14 and estimating the fluxes by
fitting a skewed Gaussian to the line profiles.
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et al. 2016), which show that models above ∼ 12.5M are much
more efficient at producing oxygen than below that ZAMS mass.
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Fig. 16. Comparison of the nebular spectra of ASASSN-14jb with the
NLTE models of Dessart et al. (2013) at ≈ 400 days past explosion.
The vertical dashed lines shows the rest wavelength of Hα and the [O I]
λλ6300, 6364 doublet.
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Fig. 17. Comparison of the nebular spectra of ASASSN-14jb with the
NLTE models of Jerkstrand et al. (2014, 2018) at ≈ 400 days past ex-
plosion. The vertical dashed lines shows the rest wavelength of Hα and
the [O I] λλ6300, 6364 doublet.
4.5. Warm Dust in the Ejecta
ASASSN-14jb is clearly detected in the 2015-09-13 Spitzer im-
ages, with m3.6 = 17.85±0.03 mag and m4.5 = 16.38±0.03 mag
(magnitudes in the AB system), but undetected on 2016-08-17.
The implied absolute magnitudes (M3.6 ' −14.1, M4.5 ' −15.6)
and red color (m3.6 − m4.5 ' 1.5 mag) at ∼ 333 days after explo-
sion are consistent with warm dust formation in other Type II
SNe (e.g., Prieto et al. 2012; Szalai et al. 2018). We used a
black body function with dust emissivity Qλ ∝ λ−1 to fit the
mid-infrared SED and found L ∼ 1.1 × 106 L, T ∼ 444 K,
and R ∼ 839 AU. Using Equation 1 in Prieto et al. (2009) (from
Dwek et al. 1983), we obtain a total dust mass of Md ∼ 10−4 M.
These estimates are consistent with models of newly formed dust
in the SN ejecta and observations for other Type II SNe at a sim-
ilar epoch after explosion (e.g., Sarangi & Cherchneff 2015).
4.6. Progenitor Metallicity
The pseudo-equivalent widths (pEWs) of the Fe II λ5018 line
during the photospheric epoch of Type IIP SNe are a proxy for
the progenitor metallicity. This has been shown both by mod-
els (D14) and correlation of observed pWEs with metallicities of
H II regions in the host galaxies (Anderson et al. 2016). We mea-
sured the pEW evolution during the plateau phase of ASSASN-
14jb and compare it with those of D13 models. The result is
shown in Figure 18. The models span four progenitor metallici-
ties (2 Z, 1 Z, 0.4 Z and 0.1 Z) and four different mixing-
length scales for the Solar composition model, which greatly
change the progenitor radius. We see that the observed pEWs
of the Fe II line are most consistent with the curve for 0.4 Z,
but the Solar metallicity model for the progenitor with largest
radius is also close enough. If we linearly interpolate the models
and, assume that the dispersion given by different radius at Solar
metallicity is a fair estimate of the uncertainty, we obtain Z =
0.3 ± 0.1Z for ASASSN-14jb.
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Fig. 18. Measurements of the pseudo-equivalent width of the Fe II
λ5018 line for ASASSN-14jb (black stars), with the correspondent
epoch since explosion t0 = 56946.1 ± 3 (MJD). The solid lines show
Dessart et al. (2013) models for progenitors with different metallicities
and the dashed line model progenitors with Solar metallicities and dif-
ferent initial radii.
5. The Host Galaxy of ASASSN-14jb
Statistical constrains on properties of the progenitor stars can be
also establish through the study of the galactic environment of
the SNe (e.g., Stoll et al. 2013; Anderson et al. 2015; Galbany
et al. 2016c). Relevant to our discussion are recent integral field
spectroscopy observations (IFS) which have provided metallic-
ities and ages of nearby stellar populations (Kuncarayakti et al.
2013; Galbany et al. 2016b, 2018; Kuncarayakti et al. 2018).
Of particular interest are the studies of H II regions, which
rapidly fade away after the massive stars which provide the ion-
izing photons explode as SNe (e.g., Pols et al. 1998). Since typ-
ical lifetimes are up to a few tens of Myr they trace well the
ongoing star formation. Typical sizes of giant H II regions are in
the hundreds hundreds parsecs (Sánchez et al. 2012). Our MUSE
observations of ASASSN-14jb were done with a seeing of 1′′.08
in the R-band, providing a resolution of ∼ 130 pc at the distance
of the host.
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We built 2D Hα emission maps of ESO 467-G051 from
the MUSE datacube following the procedures of Galbany et al.
2016b. In brief, we fitted the spectrum of each spaxel using
a combination of the stellar continuum modeled with the stel-
lar population synthesis code STARLIGHT (Cid Fernandes et
al. 2009), with Gaussian profiles at the central wavelengths of
the emission lines detected with SNR greater than 3, and we
corrected the line ratios using the Galactic reddening map of
Schlafly & Finkbeiner (2011) and an estimate of the internal ex-
tinction in ESO 467-G051 using the Balmer decrement. In ad-
dition, we used the H II-Explorer code (Sánchez et al. 2012) to
detect and analyze H II regions in the datacube.
5.1. Overall Properties of ESO 467-G051
The host galaxy of ASASSN-14jb, ESO 467-G051, is an edge-
on, Scd galaxy (de Vaucouleurs et al. 1991). Our observations,
together with extensive data in the literature, make it possible to
measure integrated fluxes from the UV up to the IR.
To do so, we (1) used co-added LCGOTN images with good
seeing and measured the total BVgri magnitudes using a large el-
liptical aperture in ds9; (2) used a near-infrared Ks-band image
of the field from the ESO data archive7 to measure the magnitude
of the host within an elliptical aperture calibrated to 2MASS
(Cutri et al. 2003) stars in the field; (3) obtained archival ul-
traviolet magnitudes from GALEX (Morrissey et al. 2007) and
mid-infrared magnitudes from Spitzer’s S4G survey (Sheth et al.
2010). The integrated apparent magnitudes are presented in Ta-
ble 7. Using our distance, the absolute magnitudes of ESO 467-
G051, corrected by Galactic extinction, are MB ≈ −17.6 mag,
MV ≈ −18.0 mag, and MKs ≈ −19.1 mag.
Figure 19 shows a histogram with the distribution of host
galaxy MKs magnitudes of Type II SNe discovered by ASAS-
SN in 2013-2017 from Holoien et al. (2017a,b,c, 2018). The
host galaxy of ASASSN-14jb is in the lower Ks absolute magni-
tude (lower stellar mass) range of the Type II SNe discovered by
ASAS-SN.
The stellar mass, age and SFR of ESO 467-G051 can be
estimated from these data. We fitted stellar population synthe-
sis (SPS) models to the FUV , NUV , BVgri, Ks, 3.6 µm, and
4.5 µm magnitudes using FAST (Kriek et al. 2009). We assumed
a Galactic extinction law, a Salpeter IMF, an exponentially de-
clining star formation law (SFR ∝ e−t/τ, with τ = 1 Gyr),
and the Bruzual & Charlot (2003) SPS models. The best-fit
model provides the following parameters: M? ' 1 × 109 M,
age ' 3.2 Gyr, and SFR ' 0.07 M/yr, where the uncertainties
are 1σ. The SFR can be also estimated from the Hα extinction-
corrected fluxes (Kennicutt 1998, see below,), which provides
SFR(Hα) ∼ 0.07 M/yr. This is fully consistent with the SED
SPS fit.
Neutral hydrogen (HI 21 cm) observations suggest that the
host galaxy of ASASSN-14jb is undergoing a direct encounter
with 467-ESOG050 or NGC 7259, the host galaxy of SN 2009ip
(∆V = 92.6 ± 5.6km/s, Nordgren et al. 1997). The total HI flux
is S HI = 23.1 ± 0.8 Jy km/s and the derived HI mass is MHI =
3.1 ± 0.8 [109M] 8. Using our distance estimate (25 ± 1 Mpc)
the HI mass scales to MHI = 3.5± 0.9 [109M]. This gives a gas
fraction of Mgas/(Mgas + M∗) ≈ 0.77.
7 Image obtained with SOFI at the NTT by the PESSTO program (ID
191.D-0935) with SOFI mounted on the ESO/NTT
8 MHI = 2.356 × 105 × D2
∫
S νdν M, D = 23.5 Mpc
The maximal HI rotational velocity is 60±1 km/s (Hyperleda
database9). In our Hα velocity map we observe this velocity limit
more clearly on the East side of the galaxy.
Fig. 19. Histogram with the distribution of absolute Ks-band magni-
tudes of the host galaxies of 94 Type II SNe discovered by ASAS-SN
in 2013-2017 (Holoien et al. 2017a,b,c, 2018). The dashed vertical line
marks the absolute magnitude of the host galaxy of ASASSN-14jb, ESO
467-G051, indicating a relatively low stellar mass for a Type II SN in
this sample.
5.2. Hα and Oxygen Abundance Maps
Our map of the Hα dereddened emission line fluxes is given in
Figure 20. It includes H II regions, diffuse emission in the host,
and the nebular emission from ASASSN-14jb. The position of
the H II regions detected with the H II-Explorer code, and that
of the SN, are marked. ASASSN-14jb is at a vertical distance of
≈ 2.1 kpc from the disk major axis. The H II region nearest to
the SN is at of ≈ 1.4 kpc.
The spectra of the H II regions can be used to estimate the
gas-phase oxygen abundance. We did so using the O3N2 and N2
strong emission line methods (Marino et al. 2013). The median
obtained, with 99% confidence intervals, were 12 + log(O/H) =
8.27+0.16−0.20 and 8.19
+0.10
−0.24, respectively. A new strong line calibra-
tion by Dopita et al. 2016, hereafter D16, which uses [S II],
[N II], and Hα lines, provides significantly lower values, with
a median of 12 + log(O/H) = 7.77+0.10−0.24. The D16 and O3N2
maps are presented in Figure 21. Median values of the maps are
12 + log(O/H) = 7.770.19−0.1 and 12 + log(O/H) = 8.22
0.11
−0.14, for the
spaxels with S/N ≥ 10.
The distributions of oxygen abundances obtained with the
N2, O3N2 and D16 nebular emission line diagnostics is given
in Figure 22. All the mean values are sub-Solar (using as ref-
erence 12 + log(O/H) = 8.69, from Asplund et al. 2009),
and significantly below 12 + log(O/H) = 8.54 (Galbany et
al. 2018), the average for H II regions near Type II SNe of
the the PMAS/PPAK Integral-Field Supernova Host Compila-
tion (PISCO). Our host galaxy B-band absolute magnitude, of
9 http://leda.univ-lyon1.fr/
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MB = −17.6 mag, compares well with the mean B-band magni-
tude of MhostB = −17.66 mag in the recent sample of Type II SNe
in low-metallicity, dwarf galaxies (Gutiérrez et al. 2018). Also,
as showed in Gutiérrez et al. (2018), lower luminosity galaxies
hosts lower metallicity Type II SNe, filling the space between
the 0.1 and 0.4 Z metallicity models. This is expected given
the strong correlation between stellar mass (or galaxy luminos-
ity) and metallicity. It is worthwhile to mention that the O3N2
map shows lower oxygen abundances in the cores of the H II re-
gions. This could be a consequence of the unaccounted internal
gradient of the ionization parameter of each H II region in the
empirical strong line methods (Krühler et al. 2017).
5.3. D16 and the N/O ratio
The significant discrepancy of the D16 with other strong line
oxygen abundance calibrations calls our attention.This abun-
dance scale relies on a specific relation between the N/O and
O/H ratios (Dopita et al. 2016) for which it is useful to con-
sider a diagnostic independent on any a priori relation. Pérez-
Montero (2014) developed a semi-empirical code, H II-CHI-
MISTRY, that derives O/H, N/O and the ionization parameter U,
using the reddening-corrected fluxes of [O II] λ3727 , [O III]
λ4363, λ5007 , [N II] λ6584 and [S II] λλ6717,6731, relative-to-
Hβ. When the O auroral lines are absent, as is our case, the code
uses a limited grid of empirically constrained models to provide
abundances that are consistent with the “direct" electron temper-
ature measurement method. We applied H II-CHI-MISTRY v3.0
with the accessible lines [O I] λ5007 , [N II] λ6584 and [S II]
λλ6717,6731. The output N/O ratio is shown as a function of
the oxygen abundances in Figure 23. We observe a clear offset
from the D16 calibration. The mean of the oxygen abundances is
8.53±0.13 while the N/O ratio has a mean of −1.63±0.1. There
is a trend with the ionization parameter so that higher oxygen
abundances show lower N/O and U values (same with Hα lumi-
nosity instead of U) and, vice versa, the lower abundances cor-
respond to higher N/O ratios and also they are closer to the D16
prescription. The negative correlation between N/O and O/H, to-
gether with the trend with Hα luminosity, has been observed in
blue compact dwarf galaxies (Kumari et al. 2018).
6. Discussion
ASASSN-14jb is a normal Type IIP SN located at a projected
distance of ∼ 2.1 kpc from the mid-plane and ∼ 1.4 kpc from the
closest, diffuse H II region of ESO 467-G051. Since Type II SNe
come from stars with short life times, the unusual location begs
for an explanation. Several hypothesis have been advanced for
SNe with no clear parent galaxy. One is that the host is an unde-
tected low-surface brightness (LSB) galaxy, or even a small frag-
ment of a disrupted satellite galaxy (Abadi et al. 2009). Other
interesting possibility is that the progenitor of ASASSN-14jb
traveled ≈ 1.4 kpc from its birthplace driven by gravitational
interaction.
6.1. Type II SNe from Runaway Stars
Different scenarios have been proposed for SNe coming from
runaway stars. One is the Binary Supernova Scenario (BSS)
where they are pushed by the interaction with a massive binary
companion that exploded as a supernova. Other is the Dynamical
Ejection Scenario (DES), where the impulse comes from close
encounters in clusters, including those with binaries, very mas-
sive stars, or intermediate or massive black-holes (Gvaramadze
et al. 2009; Hansen & Milosavljevic´ 2003; Gualandris & Porte-
gies Zwart 2007). Yet another is the hyper-velocity star (HVS)
scenario, resulting from the so-called Hills Mechanism, where
velocities higher than 100 km/s are provided by interaction with
a supermassive black-hole at the center of the galaxy (see Brown
2015, for a review on HVS).
The approximate lifetime of a star with ZAMS mass of
∼ 10M in single stellar evolution is ∼ 30 Myr. Covering the
∼ 1.4 kpc from the nearest star forming region in this time would
require a projected space velocity of ∼ 47 km/s. Considering the
lifetime of the least massive stars that undergo core collapse in
the models of Zapartas et al. (2017), ∼ 48 Myr for ∼ 8 M pro-
genitors, reduces the requirement to ∼ 30 km/s. Both are plausi-
ble velocities given the observed population of runaway stars in
the Galaxy and the Magellanic Clouds (e.g., Schnurr et al. 2008).
The velocity distribution of early type runaway stars in the Milky
Way also supports these estimates (Silva & Napiwotzki 2011).
OB stars at high Galactic latitudes exceed the minimum velocity
needed to reach 1 kpc off the Galactic disk. Scaling the result
to ESO 467-G051 to account for its smaller mass, the maxi-
mum height above the disk that would be reached for a given
velocity would be comparable to that of ASASSN-14jb. Let us
now consider an illustrative case of the BSS scenario, with a pri-
mary star of 25 M at ZAMS. The primary would explode ≈ 8
Myr after formation (e.g., Pols et al. 1998, assuming half so-
lar metallicity in their grid), leaving 22 Myr as the flight time
for a secondary of 10 M at ZAMS. Traveling the ∼ 1.4 kpc in
this time requires a velocity of v ' 61 km/s. Finally, the HVS
scenario is also feasible. The projected distance from the posi-
tion of ASASSN-14jb to the host galaxy center is 2.5 kpc. Tak-
ing the lifetime of the longest living CCSN progenitors of Za-
partas et al. (2017)(48 Myr) the lower limit for the space veloc-
ity is v ≥ 51 km/s. Comparing this with the case of the Type
II SN 2006bx (Zinn et al. 2011), the progenitor of which would
have been an HVS with v & 848 km/s, an HVS progenitor for
ASASSN-14jb seems unnecessary.
On the other hand, theory is not as supportive of the runaway
progenitor scenario. Eldridge et al. (2011) studied the distribu-
tion of spatial velocities and distances traveled for progenitors of
CCSNe in the BSS scenario, ignoring the galaxy potential. They
obtained a total average of 190± 380 pc (non-Gaussian distribu-
tion) with a 17.5± 18.7 km/s space velocity for the secondary of
the binary system exploding as a Type IIP like SN at Solar metal-
licity (Z = 0.02), while Z = 0.004 gives mildly higher veloci-
ties. A more recent study by Renzo et al. (2018) confirms these
results, showing that 2.5% of binary systems have a disruption
velocity & 30 km/s after the explosion of the primary. Hence,
the bulk of the ejected populations does not reach the veloci-
ties needed by the progenitor of ASASSN-14jb and taking the
host galaxy potential into account would make the scenario less
probable. There are, however, tails in the ejected velocity distri-
butions where the velocities are consistent with the requirements
of the ASSASN-14bj progenitor.
6.2. Disk Thickness and Extraplanar Star Formation
Hakobyan et al. (2017) studied the vertical distribution of both
SNe Ia and CCSNe in edge-on, late-type disk galaxies using a
sample of 102 historical SNe. For Sb-Sc type galaxies the scale
height, in units of the isophotal radius at a surface brightness
in g-band of 25 mag/arcsec2 or R25, 0.090 ± 0.016 for CCSN.
ASASSN-14jb has zS N/R25 = 0.22, more than 10σ above this
mean. We estimated the height scale of z0/R25 = 0.082±0.01 for
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Fig. 20. Hα MUSE map of the host galaxy and the supernova explosion site. Black circles marks the position of the H II regions detected with
H II-Explorer. Coordinates are the right ascension and declination offsets from the center of ESO 467-G051, in arcminutes. The 1 kpc scale of the
image is marked in the upper left.
Fig. 21. D16 (top) and O3N2 (bottom) oxygen abundance maps of the
host galaxy ESO467-G051 as seen by MUSE, shifting the D16 map
by +0.4 dex to provide an easier comparison. Coordinates are the right
ascension and declination offsets from the center of ESO 467-G051, in
arc-minutes. The 1 kpc scale of the image is marked in the upper left.
ESO 467-G051 by fitting a a sech2z/z0 profile to the Hα profile
along the perpendicular between the disk and the SN. Fits to the
V or the R-band images gave similar results.
The scale height of each supernova type is expected to match
that of the stellar population supplying their progenitors (e.g.,
Kangas et al. 2017). For Type II SNe we expect that the verti-
Fig. 22. Distribution of the gas-phase oxygen abundances used for
ESO467-G051 H II regions, based on the D16, O3N2 and N2 calibra-
tions. The dashed lines represent the median for each distribution and
the black vertical line indicates the average abundance for Type II SNe
hosts from the PISCO compilation using the D16 calibration (Galbany
et al. 2018).
cal distribution follows the distribution of recent star formation
(OB stars). In particular, as the thick disk population is gener-
ally significantly older (Dalcanton & Bernstein 2002; Yoachim
& Dalcanton 2008; Elmegreen et al. 2017), we are less likely
to observe a Type II SN in the thick disk. Nevertheless, Howk
et al. (2018b) compiled a sample of 6 extraplanar H II regions
detected in nearby, edge-on disk galaxies. The projected verti-
cal distances of these regions above their disk cover the range
0.9 − 3.0 kpc, up to 0.11 in units of R25, which is within a factor
of two of the height of ASASSN-14jb in the disk of ESO 467-
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Fig. 23. Oxygen abundances versus N/O ratios obtained with the code
developed in Pérez-Montero 2014. Each point has the errorbars deliv-
ered by the code and each point is colored according to the ionization
parameter U delivered. The solid orange line indicates the relation as
assumed in the D16 calibration and the blue dots correspond to the ob-
served values for our H II regions abundances using D16. The dashed
lines indicate the asymptotes for orange line, at the very high and very
low O/H ratios regimes.
G051. Given this, the scenario of in-situ star formation for the
progenitor of ASASSN-14jb is possible (see Howk et al. 2018b
for a discussion on the necessary conditions for extraplanar star
formation).
The MUSE nebular spectrum can be used to put constrains
on the in-situ star formation at the position of ASASSN-14jb.
We fit the spectrum at the wavelength of the [O III] λ5007 line
and obtain a 3σ upper limit to the emission line luminosity of
≈ 1035 erg/s. We did not use Hα because the strong and broad SN
nebular emission line dominates at those wavelengths. Compar-
ing the [O III] λ5007 luminosity upper limit with the ionization
models of Xiao et al. (2018), we conclude that any underlying
H II region would have to be at least ≈ 10 Myr old, implying
MZAMS < 15 M for a single star progenitor. All massive O stars
would have been gone and exploded as CCSNe in such condi-
tions. This indicates the need for a relatively low-mass progen-
itor of ASASSN-14jb in the in-situ star formation scenario, as
well.
6.3. Abundance Offset
Another relevant piece of information is the expected abundance
offset, ∆, of a former, or undetected, star forming region at the
position of the SN (Howk et al. 2018a,b). To do so we need es-
timates of the oxygen abundance at the supernova position and
the disk, given in the same scale. Howk et al. (2018a) show that
relative abundances in the O3N2 scale are reliable so we chose
this one.
For the reference disk (z = 0) we take the average of the
H II regions within 1σ of their vertical distribution, which cor-
responds to a vertical distance of ≈ 0.25 kpc. The reult is
12 + log(O/H) = 8.22 ± 0.07 dex. For ASASSN-14jb we obtain
the oxygen abundance from our estimate of the iron abundance
derived in Section 4.6 of Z = 0.3 ± 0.1Z. We adopt the linear
relation between [O/H] and [Fe/H] given by Stoll et al. (2013),
and obtain 12+log(O/H) = 8.4±0.1 dex. The oxygen abundance
offset implied results ∆ = 0.3 ± 0.1 dex.
Recent data from the Apache Point Observatory Galactic
Evolution Experiment (APOGEE) survey (Majewski et al 2018),
provides for an independent estimate. Rojas-Arriagada et al.
(2018, private comm., submitted) study abundance gradients us-
ing red giant branch stars, assumed to be likely bulge mem-
bers by their spatial location. Adopting the same strategy on
APOGEE data of our host we obtain relation between [O/H]
and [Fe/H] similar to that of Stoll et al. (2013). A linear fit of the
form [Fe/H] = c1 +c2×[O/H], using a re-sampling technique to
estimate the errors, provides coefficients c1 = −0.2552 ± 0.0014
and c2 = 1.0452±0.0056 was obtained. This finally translates to
an offset of ∆ = 0.21 ± 0.11 dex.
Another possible estimate of the the abundance at the super-
nova height is the extrapolation of the vertical gradient derived
from the H II regions in the disk. Doing a linear fit as a function
|z|, we obtain a gradient of −0.62 ± 0.32 dex per height normal-
ized by R25, which for ASASSN-14jb height corresponds to an
oxygen abundance offset of ∆ = −0.14 ± 0.07 dex.
In Figure 24 we show the vertical oxygen abundance gra-
dient ∆/z derived for the extraplanar H II region compilation
of Howk et al. (2018a) and ASASSN-14jb, as a function of the
height in kiloparsec in units of R25. There are three interesting
points to note from these plots: 1) There is a 2σ offset between
our abundance offset estimates (direct EW measurements from
the SN versus vertical gradient of the disk abundance profile);
2) The metallicity estimate from ASASSN-14jb corresponds to
a positive offset relative to the mean reference measurement of
H II regions in the galaxy disk; and 3) Including the R25 nor-
malization, the hypothetical H II region where the progenitor of
ASASSN-14jb could have formed (in an in-situ star-formation
scenario) is farther than the Howk et al. (2018a) sample.
An important caveat to consider in the previous analysis is
that, because the galaxy is edge-on, we are probably observ-
ing mostly the outer H II regions of the host galaxy that gen-
erally will not be representative of the whole disk. In general
star-forming galaxies have higher metallicity gas in their inner
regions, having a common radial gradient of ≈ −0.1 dex/Re f f
(or 0.3 ± 0.2 dex/R25) up to 2 Re f f (e.g., Sánchez et al. 2012;
Pilyugin et al. 2014; Sánchez-Menguiano et al. 2016). As we do
not actually know the radial coordinate of ASASSN-14jb and the
observed H II regions, there might be a systematic error on what
we consider the reference abundance for the disk, being higher if
the observed H II regions are in average metal poor at the exter-
nal disk. If we consider up to ≈ 0.2 dex in the metallicity offset,
given by the possible bias in our H II regions, ASASSN-14jb
metallicity is still consistent with the disk at the 1σ level. This
is consistent with the possibility that the progenitor star actu-
ally came from the disk as a runaway or that the gas from which
it formed at this height has significant contribution of enriched
material from the disk.
6.3.1. SN-Host connection
We have constrained the properties of ASASSN-14jb both from
the observations of the transient and from the observations of its
host. Both sets of results provide a consistent picture.
From the early and late light curves we estimated an ejected
mass (≤ 10 M), given a low explosion energy (≤ 0.25 foe)
consistent with the transient energetics, and the low estimate of
the 56Ni mass. Also, our analysis of the nebular spectra points to
a low mass progenitor of 10 − 12 M.
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Fig. 24. Metalicity gradient obtained from the extraplanar H II-regions
from Howk et al. (2018b) and from ASASSN-14jb, as a function of
the vertical distance to the disk normalized by the isophotal radius R25.
ASASSN-14jb metallicity offset was obtained from the metallicity mea-
surements from the FeII λ5018 line pEW and the calculated mean oxy-
gen abundance of the host, ESO467-G051, from the O3N2 diagnostic.
A metallicity of 0.3±0.1Z is used for ASASSN-14jb as obtained inter-
polating the models pEWs from Dessart et al. (2013) and this was con-
verted to an oxygen abundance using a linear scaling between [O/H] and
[Fe/H] as done in Stoll et al. (2013) (marked with the unfilled square)
while the calibration from Rojas et.al, (Submitted) was used in the value
marked as a black and filled square. We also estimated the oxygen abun-
dance at the supernova position extrapolating the vertical gradient ob-
tained from our H II-region abundances using the regions at any az-
imuthal position, dubbed “linear", and from a two dimensional model,
dubbed “planar", which are marked as a black triangle and square, re-
spectively.
The analysis of the environment of ASASSN-14jb, led us to
two possible explanations for the unusual location of the tran-
sient, which are the extraplanar in-situ star formation and the
runaway scenarios. In both cases, a low mass progenitor is re-
quired because their longer lifetime allows for a longer flight
time in the runaway case and a longer time delay between the
explosion of the more massive ionizing stars versus the less mas-
sive ones, given the strong upper limit of the possible underlying
H II region in the in-situ scenario.
We have also obtained a constraint on the progenitor metal-
licity from a direct measurement of the Fe II λ5169 pseudo
equivalent width. The value of 0.3±0.1Z is consistent, or mildly
higher, than the values inferred for the gas-phase metallicity of
the disk. This, again we argue, is consistent with both scenarios
as the progenitor metallicity could reflect that the star formed
in the disk and was ejected or that the enriched gas itself was
ejected and contributed to the abundance of the in-situ extrapla-
nar region where the progenitor could have been born. The ef-
ficiency of extraplanar enrichment depends on the depth of the
galaxy potential well, which is a decreasing function of the stel-
lar mass (Peeples & Shankar 2011; Brook et al. 2014; Chris-
tensen et al. 2016; Chisholm et al. 2018). Hence, the extraplanar
relative enrichment is expected to be larger in low mass galaxies,
as the ASASSN-14jb host, than, for example, Milky Way-like
galaxies. The same reasoning applies for runaways stars as the
maximum height that they achieve would be a decreasing func-
tion of the potential well depth, as well.
7. Conclusions
ASASSN-14jb shows light curves and spectral evolution con-
sistent with typical Type II SNe. The SN had a peak absolute V-
band magnitude of MV,max = −16.04±0.18 mag and an estimated
bolometric luminosity at 50 days of log (L/L) = 8.4 ± 0.18,
which put it in the low luminosity tail of the brightness dis-
tribution. Both the decline slope in the plateau phase (s2,V =
−0.15±0.02 mag per 100 days) and the expansion velocity at 50
days (v(FeII) = 2774±69 km/s) follow the observed correlations
with absolute magnitudes.
The color evolution of ASASSN-14jb points to a bluer con-
tinuum than other Type IIP like SNe. This behavior may be due
to a true difference in the temperature evolution or it may be an
effect of lower line-blanketing in the blue part of the spectrum
due to a lower metallicity of the progenitor star.
The spectral evolution presents a couple of interesting pecu-
liarities. All our plateau observations show weaker lines (lower
pseudo-EW) compared with a set of prototypical Type II SNe
from the literature, which also points to a relatively bluer con-
tinuum or lower metallicity progenitor. Also, in photospheric
spectra obtained at 64 and 80 days after explosion, we clearly
detect high velocity absorption components at ≈ 7000 km/s in
the Hα and Hβ lines. These absorption components cannot be
Si II λ6355 or Ba absorption features, and signal a moderate in-
teraction with circumstellar material.
We used three empirical methods to measure Type II SNe
distances and found internal consistency in the distance esti-
mates, considering their uncertainties. The weighted average dis-
tance modulus of ASASSN-14jb was found to be µ = 32.00 ±
0.18 mag (D = 25 ± 1 Mpc).
From the late-time, nebular-phase photometry we estimate a
56Ni mass of 0.0210 ± 0.0025 M, slighly lower than the me-
dian for normal Type II SNe. Based on the near-UV photome-
try from Swift/UVOT and analytic models from RW11 we esti-
mate a progenitor radius of R∗ ' 579 ± 28R, which is consis-
tent with the color evolution of the mildly sub-Solar and com-
pact RSG progenitor model (m15z8m3) presented in D13. Com-
paring our nebular-phase spectrum with models from D13 and
J14 we conclude ASSASN14jb had a low to moderate mass
progenitor (10 − 12 M). The early light curve analysis yields
Me j ≈ 36.0 × E1.32exp M, while at nebular times it implies Me j ≈
12.0× E0.5exp M. Both constraints intersect at the pair (Me j, Eexp)≈ (6 M, 0.25 foe). The estimated pseudo-equivalent width of
the Fe II λ5018 line and its time evolution are more consistent
with the theoretical expectations for a (0.3 ± 0.1)Z metallicity
progenitor. Given that the progenitor seems to be relatively com-
pact (R∗ < 600 R), the metallicity could be lower. More models
would be needed to constrain this further.
We used the MUSE data to constrain the host galaxy gas-
phase oxygen abundances. From the O3N2 and N2 strong line
methods (Marino et al. 2013) the H II regions have a median
abundance of 12 + log(O/H) = 8.27+0.16−0.20 and 8.19
+0.10
−0.24, respec-
tively. Using the D16 (Dopita et al. 2016) calibration we ob-
tained a median of 12 + log(O/H) = 7.77+0.10−0.24. These values are
significantly below the average of the PISCO sample mean for
Type II SNe nearby H II regions, of 12 + log(O/H) = 8.54 dex.
This is independent of the diagnostics used.
Finally, we discussed scenarios for the unusual explosion site
of ASASSN-14jb. We conclude that, although the probablity of
ejection from the disk is low from theory (Renzo et al. 2018)
and the specific mechanism to initiate the star formation at this
heights is uncertain, both scenarios require a low mass progeni-
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tor with a ZAMS mass of ≈ 10− 12 M. This estimate is consis-
tent with the physical parameters derived for the explosion.
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Appendix A: Photometry
Here we describe the photometric pipeline used to derive the
magnitudes of ASASSN-14jb in the standard system. For each
frame previously reduced we do the following steps to obtain the
aperture photometry for the supernova:
– We run SExtractor (Bertin & Arnouts 1996) to obtain an ini-
tial estimate for the FWHM of the stars in the image, using
bright stars far from the edges of the frame, and global back-
ground level.
– We re-run SExtractor using the initial estimates and fixing
the aperture to 1.6 times the median FWHM of the stars.
After cross-matching this catalog with our local standard star
catalog we reject the standard objects that have photometric
uncertainties σiphot > 0.1.
– With the zero-point and uncertainty for each local standard
star (no color term) (∆mi, σiphot) we calculate the mean zero-
point of the image with its final error including both sta-
tistical photometric uncertainties and the rms of the zero-
point. The typical value of the light curves deviations were
. 0.02 mag.
〈∆m〉 =
∑
∆mi
Nstar
Var(〈∆m〉) = rms(∆m)2 +
∑(
Variphot + Var
i
catalog
)
(A.1)
So with this the final photometry of the supernova and its
variance are:
miS N = m
i
phot + 〈∆m〉
Var(miS N) = σ
2
phot + Var(〈∆m〉) (A.2)
– Regarding color terms, as it is showed in Valenti et al. (in
prep)10, the only significant color term for LCOGT cameras
in observations obtained in the BVgri filters are on the
g-band. We apply this correction using the g − r color but
with the r-band magnitudes only corrected trough a mean
zero-point term. That is, we follow the equations:
g = gphot + 〈∆g〉 +C(g − r)
r = rphot + 〈∆r〉 (A.3)
with the corresponding error propagation. The g-band color
term correction obtained was important only at early times
when the SN is bluest.
To verify our results from aperture photometry, we ran PSF
fitting photometry through our pipeline using the softwares
DOPHOT and DAOPHOT in IRAF for selected frames, and in
both cases we obtained consistent results. We chose the SExtrac-
tor aperture photometry because it was the most robust method.
The PSF photometry of DOPHOT was limited because of the
fixed gaussian profile shape and DAOPHOT required too much
tuning of the parameters to obtain good results on frames that
had significant sky variations or were noiser than average.
10 See http://wiki.pessto.org/
pessto-operation-groups/pessto-targets-alerts/
lcogt-1m-telescope-time-for-pessto.
Appendix B: P-Cygni profile fitting
Expansion velocities were estimated using the velocity shift at
maximum abpsorption in the, continuum normalized, P-Cygni
profiles. For a given supernova we took each individual spectra
Fλ and, after masking the regions for the strong lines Hα and
Hβ and NaI λλ5890, 5896 a black body is fitted. If the spec-
tra is after 20 days past explosion the range λ < 5100 Å is
also removed to avoid the contamination from line blanketing.
Also a simple power law is fitted and if the residuals in this case
are better this fit is adopted as the continuum. after estimating
the continuum FC the spectra and wavelength is normalized as
y = FλFC (x =
λ−λ0
λ0
), where the 0 subscript refers to the line posi-
tion (e.g. λ0 = 6563 Å for Hα).
To find a minima of a profile throughout a polinomial fitting, a
function written in Python code was created. If no initial guess
is given for the maximum abpsorption velocity v∗ (or equiva-
lently λ∗ = λ0 + λ0v0/c) first the data is smoothed with a high
degree polinomial to find a guess. Then a new fitting window is
defined, centered on the this guess, and a new low degree poli-
nomial (from 2 up to 8) is fitted to find a new minima. In this
final fit a weighting is applied to the data to avoid problems on
the defined edges of the fitting window and the adopted guess.
This weighting goes on the residuals as :
χ2 =
∑
i
wi(yi − ymodel(xi))2
wi = exp (−|x − x∗|/sx) (B.1)
The e-fold scale sx is used to only consider the points more
closed to the assumed profile minima. For the sample of this
work a systematic error was considered using different values
for sx of 10,50 and 100 Å, at least. This procedure effectively
measures how biased is the chosen minima x∗.
We estimate a global statistical error, for each sx, using a
Jacknife procedure, where each data point is masked before fit-
ting and a mean and standard deviation are obtained from the
distribution.
Fig. B.1. Example of a P-Cygni profile fit. The x-axis is in units of 1000
km/s. The blue dots are the data points for the normalized spectra and
the red points are the points actually used for the fitting procedure. The
vertical line marks the position of the final velocity adopted and the
cyan vertical indicates zero velocity at the line position.
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Appendix C: Distance Measurement
The methods for Type II SNe distance measurement can be
categorized in theoretically based, such as the Expanding Pho-
tosphere Method (EPM, Kirshner & Kwan 1974; Schmidt et
al. 1992) or the spectra-fitting expanding atmosphere method
(SEAM, Baron et al. 2004), and purely empirical such as the
Standard Candle Method (SCM , Hamuy & Pinto 2002), the
Photospheric Magnitude Method (PMM Rodríguez et al. 2014,?,
henceforth R14; R18) or the Photometric Color Method (DJ17
de Jaeger et al. 2017).
We will compute distances to ASSASN-14bj using the three
empirical ones. We will not apply K-corrections since the low
redshift of the source makes them very small (e.g., less than
0.01 mag for the V-band).
Appendix C.1: Photospheric Magnitude Method
The PMM is a method to measure distances to Type II SNe
that relies on a time-variable standardization of the photospheric
magnitude evolution. This method can be viewed as a general-
ization for various epochs of the SCM (Hamuy & Pinto 2002)
in the sense that both rely on the physical connection between
the expansion velocity (a measure of the explosion energy) and
the plateau luminosity, but the PMM has a different approach in
the calibration. For a distance to be measured we need a good
constraint on the shock-breakout epoch, magnitudes corrected
from both host and local extinction and corrected by the K-
correction, and expansion velocities inferred from the minima
of the P-Cygni profiles (usually from the Fe II lines) in the pho-
tospheric phase. Explicitly we have,
µλ = mcorrλ −Mλ − R
R = −5log
(
Rph
)
+ 5 = −5log
(
vph(t − t0)
)
+ 5 (C.1)
where mcorrλ is the rest-frame and extinction corrected magnitude
at the wavelength λ, Mλ is the photospheric magnitude, R is
the factor that considers the surface area of the photosphere and
depends on the photospheric radius, which for homologous ex-
pansion is simply the product of photospheric velocity vph and
the time since the beginning of the expansion t − t0 (see R14 for
details). Although we have named t0 the ‘explosion epoch‘, this
reference time is actually associated with the shock breakout. As
our constraint on t0 is of the order of the shock propagation time
to reach a RSG surface after core-collapse (Arnett 1996) we do
not make an explicit distinction. We have measured the veloci-
ties of ASASSN-14jb from the Fe II λ5169 line (see Figure 10)
and the extinction corrected magnitudes in the V-band without
applying a K-correction. Averaging the distances obtained at the
three epochs with Fe II λ5169 velocities, we obtain an average
distance modulus of 〈µ〉PMM = 31.94 ± 0.06 mag.
To make a direct comparison of the distance measurements
of other methods we need consider that the PMM was calibrated
using local distance ladder measurements, so the method carries
an implicit value of the Hubble constant. As the value used by
R14 is H0 = 68 km/s/Mpc for the V-band calibration, we will
take this value as reference in the following analysis. We also
use now the CMB frame redshift of zCMB = 0.00505 for the
ASASSN-14jb host. (Mould et al. 2000).
Appendix C.2: Standard Candle Method
The most common method to measure Type IIP like distances is
the SCM which relies on the tight correlation between brightness
and the expansion velocity at a given epoch in the plateau phase.
Similar to the Type Ia SNe calibrations, the SCM parameters
are fitted directly in the Hubble diagram following the model
(Hamuy & Pinto 2002),
Mλ1 = −αlog
(
vph
)
+ β(Mλ2 − Mλ1 ) (C.2)
where Mλk is the absolute magnitude in the k-band, vph is
the photospheric velocity, usually at 50 days, and (α, β) are the
parameters to fit using a statistically significant sample. The dis-
tance modulus in the DJ17 prescription takes the form,
µλ1 = mλ1 + αlog
(
v(Hβ)
< v(Hβ) >
)
− β(mλ2 − mλ1 )
− 5 log(H0) −MSCM + 25 (C.3)
. We use the parameters obtained it DJ17 for the SDSS i, (r − i)
color combination11. With the interpolated velocity in Hβ at 40
days, using a power law model, of v(Hβ) = 4181 ± 146 km/s
and the color at 45 days (r − i)0 = 0.03 ± 0.13mag, the distance
modulus is µSCM = 32.17 ± 0.20 mag.
Appendix C.3: Photometric Colour Method
The PCM, presented in (de Jaeger et al. 2015), exploits the cor-
relation between the light curve decline rate at the plateau, s2,
and the luminosity (Anderson et al. 2014). In this method the
distance modulus is obtained via,
µPCM = i − αPCM s2,i + βPCM(r − i)0 +MPCM
+ 5log(H0) − 25 (C.4)
where the values of the parameters taken from DJ17 are αPCM =
0.39 ± 0.08, βPCM = 0.8 ± 0.48, MPCM = −0.84 ± 0.08. Mea-
suring the slope in the i-band light curve we find s2,i = −0.365±
0.187. With the corresponding color (r − i)0 = 0.027 ± 0.16 we
obtain µPCM = 32.4 ± 0.2 mag.
11 αSCM = 3.18 ± 0.41, βSCM = 0.97 ± 0.25, MSCM = −1.13 ± 0.04
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Table 1. BVgri magnitudes of the local APASS standard star sequence used.
Star α(deg) δ(deg) B V g r i
1 335.744 −28.968 15.274 (0.020) 14.416 (0.010) 14.840 (0.015) 14.194 (0.012) 13.947 (0.026)
2 335.773 −28.917 15.742 (0.062) 15.154 (0.016) 15.437 (0.022) 15.024 (0.000) 14.967 (0.111)
3 335.805 −28.912 16.232 (0.104) 15.562 (0.082) 15.849 (0.037) 15.380 (0.016) 15.309 (0.104)
4 335.808 −29.040 17.149 (0.213) 16.056 (0.000) 16.523 (0.045) 15.998 (0.098) 15.823 (0.026)
5 335.829 −29.009 15.577 (0.037) 14.658 (0.024) 15.064 (0.014) 14.389 (0.014) 14.146 (0.056)
6 335.838 −28.927 15.838 (0.018) 14.829 (0.042) 15.325 (0.011) 14.527 (0.030) 14.262 (0.036)
7 335.844 −28.936 17.087 (0.043) 15.579 (0.067) 16.356 (0.006) 14.986 (0.039) 14.083 (0.041)
8 335.852 −29.013 14.603 (0.029) 13.906 (0.012) 14.229 (0.000) 13.712 (0.022) 13.573 (0.046)
9 335.863 −29.016 14.755 (0.017) 14.084 (0.041) 14.369 (0.010) 13.945 (0.025) 13.824 (0.046)
10 335.870 −28.995 15.693 (0.099) 14.964 (0.053) 15.272 (0.022) 14.794 (0.026) 14.655 (0.136)
Table 2. ASAS-SN V-band photometry of ASASSN-14jb, including pre-discovery and post-plateau upper limits. (*) : Days after the estimated
explosion time, t0 = 56946.58 (MJD).
UT Date MJD (t − t0)(∗) V (1σ error) Telescope
(days) (days) (mag)
2014-10-13 56943.098 -3.485 > 18.343 ASAS-SN
2014-10-19 56949.093 2.510 16.861 (0.129) ASAS-SN
2014-10-20 56950.060 3.477 16.284 (0.069) ASAS-SN
2014-10-22 56952.058 5.475 16.154 (0.065) ASAS-SN
2014-10-23 56953.051 6.468 16.072 (0.065) ASAS-SN
2014-10-29 56959.084 12.501 16.139 (0.069) ASAS-SN
2014-11-04 56965.117 18.534 16.040 (0.109) ASAS-SN
2014-11-07 56968.064 21.481 16.026 (0.112) ASAS-SN
2014-11-11 56972.059 25.476 16.071 (0.063) ASAS-SN
2014-11-12 56973.144 26.561 15.907 (0.063) ASAS-SN
2014-11-16 56977.056 30.473 16.118 (0.078) ASAS-SN
2014-11-21 56982.058 35.475 16.089 (0.068) ASAS-SN
2014-11-24 56985.046 38.463 16.106 (0.068) ASAS-SN
2014-12-01 56992.053 45.470 16.125 (0.088) ASAS-SN
2014-12-04 56995.031 48.448 16.230 (0.103) ASAS-SN
2014-12-08 56999.035 52.452 16.213 (0.084) ASAS-SN
2014-12-09 57000.034 53.451 15.995 (0.081) ASAS-SN
2014-12-14 57005.026 58.443 15.984 (0.108) ASAS-SN
2014-12-19 57010.044 63.460 16.030 (0.062) ASAS-SN
2015-04-10 57122.421 175.838 > 16.596 ASAS-SN
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Table 4. Log of spectroscopic observations of ASASSN-14jb. (*): Days after the estimated explosion time, t0 = 56946.58.
UT Date MJD (t − t0)(∗) Airmass Telescope
2014-10-20 56950.15 3.57 2.03 FLWO 1.5m
2014-10-21 56951.19 4.61 2.11 FLWO 1.5m
2014-10-22 56952.16 5.58 2.04 FLWO 1.5m
2014-10-23 56953.17 6.59 2.05 FLWO 1.5m
2014-10-24 56954.17 7.59 2.08 FLWO 1.5m
2014-10-25 56955.18 8.59 2.11 FLWO 1.5m
2014-10-27 56957.13 10.55 2.03 FLWO 1.5m
2014-11-20 56981.09 34.51 2.05 FLWO 1.5m
2014-12-20 57011.08 64.50 2.66 FLWO 1.5m
2015-01-04 57026.55 79.96 2.20 Baade 6.5m
2015-11-14 57340.10 393.52 1.28 VLT-UT4 8.4m
Table 5. Pcygni abpsorption velocities for ASASSN-14jb. All velocities quoted assuming the heliocentric redshift of z = 0.006031.
UT Date MJD t − t0 Hβ Fe II λ5018 Fe II λ5169 Hα
2014-10-20 56950.15 3.57 7900 (148) . . . . . . 10784 ( 386)
2014-10-21 56951.19 4.61 8624 (54) . . . . . . . . .
2014-10-22 56952.16 5.58 8631 (17) . . . . . . 9324 (310)
2014-10-23 56953.17 6.59 8313 (43) . . . . . . 9146 (256)
2014-10-24 56954.17 7.59 8038 (16) . . . . . . 8667 (316)
2014-10-25 56955.18 8.59 7721 (127) . . . . . . 8573 (231)
2014-10-27 56957.13 10.55 7432 (41) . . . . . . 8205 (189)
2014-11-20 56981.09 34.51 4826 (21) 3052 (112) 3221 (88) 6354 (110)
2014-12-20 57011.08 64.50 3300 (65) 2296 (47) 2263 (110) 4605 (115)
2015-01-04 57026.05 79.46 2803 (72) 2024 (20) 1976 (32) 4211 (24)
Table 6. Relevant information of the SN II in the literature used for comparison with ASASSN-14jb..
SN Name t0 E(B − V) Host z(∗) µ References(+)
SN1999em 2451476.44 0.100 NGC 1637 0.00239 30.360 1,2,3,12
SN1999gi 2451518.32 0.210 NGC 3184 0.00198 30.830 4,12
SN2005cs 2453548.92 0.050 M51 0.00200 29.630 5,12
SN2007pk 2454412.32 0.100 NGC 3953 0.01665 34.230 6
SN2009N 2454845.46 0.132 NGC 4487 0.00450 31.840 7
SN2012aw 2456002.50 0.086 M95 0.00260 30.150 8,9,12
SNLSQ13fn 2456293.98 0.054 GALEXASCJ115117.64-293638.0 0.06300 37.100 10
SN2013ab 2456340.00 0.044 NGC 5669 0.00456 31.920 11
(*): Heliocentric redshift from NED. (+): (1) Faran et al. (2014),(2) Hamuy et al. (2001),(3) Leonard et al. (2002),(4) Leonard et al. (2002),(5) Pastorello et al. (2009), (6) Inserra et al.
(2013),(7) Takáts et al. (2014),(8) Bose et al. (2013),(9) Dall’Ora et al. (2014),(10) Polshaw et al. (2016),(11) Bose et al. (2015), (12) Distance from Rodríguez et al. (2014)
Table 7. Integrated magnitudes of the host galaxy of ASASSN-14jb, ESO
Filter/band Magnitude System Reference
Galex FUV 17.27 ± 0.05 AB 1
Galex NUV 15.24 ± 0.05 AB 1
B 14.45 ± 0.05 Vega this work
V 14.10 ± 0.05 Vega this work
g 14.23 ± 0.05 AB this work
r 13.92 ± 0.05 AB this work
i 13.50 ± 0.05 AB this work
Ks 12.89 ± 0.10 Vega this work
Spitzer 3.6 µm 14.90 ± 0.05 AB 2
Spitzer 4.5 µm 15.33 ± 0.05 AB 2
(1) Morrissey et al. (2007), (2) Sheth et al. (2010)
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